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(54) ULTRASONIC ECHO GRAPHIC SYSTEM FOR ARTERY EXAMINATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system including a 
prove connected to an echo graph that is formed by an 
ultrasonic outputting means, a reception and processing means 
of ultrasonic echo signals and a device to display ultrasonic 
images of artery. 

SOLUTION: A prove 1 is composed of integrated three 

transducers, that is, the first central transducer 2 to examine * 
artery to axis direction, and two more transducers 3 and 4, / 
which are parallelly placed and directed vertically against the 
first transducer 2 to form vertical section images of conductor. 
The each graph includes a sequence means, which is 
continuously operated by respective cyclical methods of the three 
transducers. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transmitting stage of a supersonic wave, a receiving stage, and the processing stage of the 
ultrasonic signal returned to the probe, It is an artery checking ultrasonic echo graph system containing a 
probe equipped with at least one ultrasonic transducer connected to the echo graph formed with the 
equipment which displays ultrasonic imaging of the artery which should be inspected. Said probe consists of 
an assembly object of three one converters, and the 1st central converter is prepared so that said artery may 
be scanned to shaft orientations. The 2nd and 3rd side converters are attached in said 1st converter at the 
symmetry. It considers as the sense which crosses an artery substantially and scans it within the scan layer 
which extends at right angles to the scan layer of said 1 st converter. And moreover, said echo graph The 
artery checking ultrasonic echo graph system characterized by including the sequence means to which the 
sequential operation of said 1st, 2nd, and 3rd converters is carried out by the periodic approach. 
[Claim 2] Said sequence means is formed between the transmitting stage of said ultrasonic signal, and said 
probe of two multiplexers by which cascade connection was carried out. The 1 st multiplexer It has the 1 st 
control means for the switch between the signal for said 1st converter, and the signal for said 2nd and 3rd 
converters. The 2nd multiplexer The ultrasonic echo graph system according to claim 1 characterized by 
being arranged down-stream from said 1st multiplexer, and having the 2nd control means for the switch 
between the signals for said 2nd and 3rd converters. 

[Claim 3] Said signal-processing stage is an ultrasonic echo graph system according to claim 1 or 2 
characterized by including the processing means which indicates by separation the three ultrasonic imaging 
obtained from said 1st, 2nd, and 3rd converters on real time at said display. 

[Claim 4] It is a probe equipped with the ultrasonic transducer claim 1 thru/or for the ultrasonic echo graph 
systems of three given in any 1 term. Consist of an assembly object of three one converters, and the 1st 
central converter scans said artery to shaft orientations. The 2nd and 3rd side converters are probes 
characterized by considering as the sense which crosses an artery substantially and scans it within the scan 
layer which extends at [ it is attached in said 1st converter at the symmetry, and ] right angles to the scan 
layer of said 1 st converter. 

[Claim 5] The probe which is a probe equipped with the ultrasonic transducer for claim 1 thru/or the 
ultrasonic echo graph system of three given in any 1 term, and is characterized by consisting of the 1st line 
type central converter and the 2nd and 3rd converters of the side of the shape of a curve for acquiring the 
2nd and 3rd fanning images. 

[Claim 6] It is an ultrasonic echo graph for an ultrasonic echo graph system according to claim 1 . Said 
sequence means It is formed in the connection between the transmitting stage of said ultrasonic signal, and 
said probe of two multiplexers. The 1st multiplexer It has the signal for said one 1st converter, a signal for 
said 2nd and 3rd converters of another side, and the 1st control means for a switch of a between. The 2nd 
multiplexer The ultrasonic echo graph characterized by being arranged down-stream from said 1 st 
multiplexer, and having the 2nd control means for the switch between the signals for said 2nd and 3rd 
converters. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the artery checking ultrasonic echo graph system 
containing the probe accompanied by at least one ultrasonic transducer connected to the echo graph formed 
with the transmitting stage of an ultrasonic beam, a receiving stage, the processing stage of the ultrasonic 
signal returned to the probe, and the equipment that displays the ultrasonic image of the artery which should 
be inspected. 

[0002] This invention is used in the field of measurement of a medical echo GURAFUKKU image and a 

physiology variable. 

[0003] 

[Description of the Prior Art] The ultrasonic echo graph was becoming an effective means for visualization 
of nervous tissue, especially an artery, and became possible [ measuring a physiology variable in a suitable 
precision ] by the end of today. The handling of an echo GURAFUKKU probe which an operator performs 
for inspection of the artery which measures the instantaneous velocity of the blood which visualizes an 
artery in a cross section or flows through an artery is still the delicate actuation which may be made to still 
interpret the acquired image accidentally, or can cause an error under quantitative analysis. 
[0004] 

[Problem(s) to be Solved by the Invention] One difficulty which encounters in the case of quantitative 
analysis is reference by location with the exact probe about the shaft of tubing (artery). It should be 
understood that most proper reference by location means reference by location including the visualized 
image in which the cross section formed by the ultrasonic beam extends through the shaft of an artery. 
[0005] From the viewpoint for ensuring exact measurement of a blood rate, it is not concerned with any the 
predetermined criteria about acquisition of the data based on the conventional probe shall be related between 
linearity and a curvilinear probe, but it is set today. For example, to one artery partition, an operator has to 
perform measurement 5 times and has to maintain only three mutually approximated most from said five 
measurement. However, this technique is long, and it is difficult to perform rather, and a specific operator is 
more short, however more reliable processing is wanted to become usable in spite of it. It is the problem 
which this should solve. In order to enable acquisition of the blood circulatory system data which simplify 
blood circulatory system inspection more, and can be trusted more by the end of today since the advance 
made about the speed and operation speed of an echo GURAFUKKU technique was given, an improvement 
of conversion to signals of an artery is desired. 

[0006] The object of this invention is offering the ultrasonic echo graph which enables organization of the 
artery cross-section image of the real time which has the cross section of the artery which passes the shaft of 
an artery. Other objects of this invention are offering the ultrasonic echo graph which can measure blood 
velocity of circulation with the more excellent dependability. Other objects of this invention are offering the 
ultrasonic echo graph which can correct the cross-section image of an artery so that it may extend through 
the shaft of an artery through the advice based on the supplementary image on a display. 
[0007] 

[Means for Solving the Problem] As opposed to, as for said probe, the ultrasonic echo graph system of a 
class with which these objects and the fault of the conventional technique were expressed to the preface 
consisting of assembly objects of three one converters, and the 1st central converter scanning said artery to 
shaft orientations The 2nd and 3rd side converters are attached in said 1 st converter at the symmetry. And 
the point made into the sense which crosses an artery substantially and scans it within the scan layer which 
extends at right angles to the scan layer of said 1st converter and said echo graph It is attained and mitigated 
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in that it has the description by the point including a sequence means to operate continuously said 1 st, 2nd, 
and 3rd converters by the periodic approach. 

[0008] For example, it can be admitted that the probe which has two scan flat surfaces is already known as 
an object for heart images like the probe taken out to the commercial scene by U.S. commercial enterprise 
Hewlett Packard for super-esophagus inspection. The display of a system is designed so that three echo 
GURAFUKKU obtained from each of three one converters can be reproduced. The main image can be 
followed on the phase for the measurement in a part of interested section of the artery reproduced by that 
cause, and is supplied by the central converter. It is formed in the direction vertical to the main image, and 
mutually, it is helpful, and according to a demand, two parallel side images make possible the thing to which 
it shows an operator between inspection of a related artery and which an operator acquires for the 
longitudinal section of the maximum surface field, although it is common. The main image which the 
substantial cross section of an artery should be formed in the ellipse in each side image, and met the overall 
length of the 1st central converter at the 1st step is ensured. For this reason, subsequently By operating a 
probe continuously, the symmetry axis which separates each crossing image flat surface in the excitation 
direction is ensured by the inside centering of these [ in the cross section ] two images so that each cross 
section may also be divided into the symmetry. Shape is progressively taken as a graphic form on a screen 
on a cross-section image flat surface, and these parallel symmetry axes constitute the crossing of the flat 
surface of a central image, and each crossing image flat surface. The latter actuation constitutes a kind of 
preparation of a request image. That is, the actuation ensures that the main image supplied by the central 
converter includes the shaft of an artery. Especially this relative position about the artery of a probe is more 
attractive in order to realize excitation along the main image line, making excitation into the inside of the 
pulse-doppler mode in which supply of the component of the blood rate within the excitation direction was 
meant. As for the excitation, it is desirable to be repeated in the period of one beat of the heart at least. 
[0009] The sequence means included in the echo graph applied to the probe which has three scan flat 
surfaces mentioned above in the desirable example of this invention It is formed in the connection between 
the transmitting stage of said ultrasonic signal, and said probe of two multiplexers. The 1 st multiplexer It 
has the 1 st control means for the switch between the signal for said one 1 st converter, and the signal for said 
2nd and 3rd converters of another side. The 2nd multiplexer It is arranged down-stream from said 1st 
multiplexer, and has the 2nd control means for the switch between the signals for said 2nd and 3rd 
converters. 

[0010] The operating sequence of three transducers in transmission/receive mode is periodically repeated on 
such a frequency high enough that the display of the real time of the image of three transducers of the echo 
GURAFUKKU probe on a graphic display device which is alike, respectively and is supplied more can be 
performed. 
[0011] 

[Embodiment of the Invention] According to explanation of the following given as an example with 
reference to attached drawing, he can understand more how invention is performed, the inside of the front- 
face side partition flat surface which the echo GURAFUKKU probe 1 substantially shown in drawing 1 on a 
twice as many scale as this consists of three converters, and the main converter is called a central plane of 
worm gear, and extends at right angles to a drawing — a blood vessel — it is designed so that an artery may 
generally be scanned. In order for the operator of an echo graph to usually desire to obtain the longitudinal 
section of an artery and to enable measurement of the quickest blood rate in the artery by the operator, said 
front- face side partition flat surface of a center should include the shaft of the scanned artery partition which 
has die length equal to a converter 2 substantially. Until now, the reference by location of such a probe was 
attained in a low precision which does not suit the capacity of a present-day echo graph experientially and 
any longer. In order to attain said reference by location, according to this invention, two side converters 3 
and 4 arranged in each of that side face are added to the converter 2 so that an assembly object equipped 
with three converters 2, 3, and 4 may have a front-face side symmetry plane (flat surface 9 in drawing 2 ). 
Converters 3 and 4 are mutually parallel, and they are designed so that the organization of a vertical front- 
face side partition flat surface may be scanned to the front-face side partition flat surface of a center of a 
converter 2. It is meant that the probe shown in drawing 1 generates the cross section of an artery on a 
monitor's screen, and the cross section is henceforth decomposed into three images so that it may be 
explained to a detail, so that it may be expressed to the upper part of drawing 4 . Each converters 2, 3, and 4 
are electrically controlled by the delay regulation suitable for focusing in a transmitting mode like the 
receive mode, and consist of element converters which enable reservation of the pixel of a predetermined 
number by well-known technique for every excitation line by that cause (expressed with a small rectangle). 
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The number of excitation lines is substantially the same as the number of the element converters of a 
converter. In many cases, digital processing continues after analog processing of a signal, but the matrix of 
the point acquired by doing in this way constitutes the image expressed on the screen of a monitor. 
[0012] Converters 2, 3, and 4 are Philips LA7530E. It can consider as a line type type like a mold, or a 
curvilinear type like Philips CA6414 mold, and according to the latter converter, a fanning image can be 
acquired. It is desirable that the central converter 2 is a line type type, and the side converters 3 and 4 are 
curvilinear types. Drawing 2 shows the partition 6 of the artery which is pinched by two side flat surfaces 7 
and 8, and is crossed by the central plane of worm gear 9. The side flat surfaces 7 and 8 and a central plane 
of worm gear 9 are scan flat surfaces of the converters 3, 4, and 2 shown in drawing 1 , respectively. A flat 
surface 9 is the core about the fanning field of a flat surface 7 according to a line 11, and the fanning field of 
a flat surface 8 is aligned with a line 12, and it cuts it at the core. Drawing 2 shows the ideal location 
searched with a probe. In this location, the shafts 1 3 of an artery 6 are P and Q, namely, are the points that a 
flat surface 9 includes a shaft 13, and intersect lines 1 1 and 12. An ideal location is searched by the operator 
of an echo graph while a probe is used as follows. 

[0013] A search of a part of artery is started in the flat surface 9 generated by the converter 2 by the thing of 
said artery for which an elliptical partition is formed mostly. Then, trace is performed in order to occupy the 
total effective width of a flat surface 9. In this phase, the substantial crossing partition of an artery appears in 
flat surfaces 7 and 8 so that it may be expressed with 1 5 and 1 6 to the upper part of drawing 3 . And the 
phase for ideal reference by location is ended by moving a probe very slowly so that it may be in agreement 
with lines 1 1 and 12, as the core of two graphic forms 15 and 16 is shown in the lower part of drawing 3 . A 
probe may be performed by excitation in the pulse-doppler mode which can calculate flow of blood to 
accuracy as a function of the time amount during the period of 1 cycle of the heart at least (after an 
integral ) , including the rate (quickest rate ) of the specified substance (corpuscle ) of echo GURAFUKKU 
to which it is held in this right location at non-flight readiness , and measurement of a blood rate exists in the 
core of an artery . 

[0014] It can be supplemented with visualization of the image in flat surfaces 7, 8, and 9 as shown in the 
upper part of drawing 4 which shows the screen 21 of the monitor which is the image display unit of the 
ultrasonic echo graph system of this invention. On said screen, the side images 22 and 23 of flat surfaces 7 
and 8 are expressed to the both sides of the central image 24 of the partition flat surface 9. It is admitted that 
these two side images may be expressed up and down (in the condition of having dissociated). 
[0015] Drawing 4 shows the outline of actuation of drawing 2 . The image 24 includes the vector Z of the 
direction (shaft) where excitation by the ultrasonic pulse is repeatedly performed for measurement of a 
blood rate after the shaft 1 3 of an artery, and the ideal reference by location of the probe by well-known 
technique. As a result of this invention, a shaft 13 and Z vector cross at Point R so that it may be the object 
of this invention. The measured instantaneous velocity is the component of whenever [ real velocity / for 
which it searched in accordance with the shaft of Vector Z ]. According to the multiplication amendment by 
l-/cos theta, the switch from a reading per second to whenever [ real velocity ] is possible, theta is an 
include angle between a shaft 1 3 and Vector z. Whenever [ real velocity ] may be memorized by the digital 
format inside memory (not shown). They are M mode as shown in the lower part of the screen of drawing 
4 , and may be visualized also by well-known technique. The coordinates of drawing 4 are the time amount 
of an axis of abscissa, and the scalar quantity perpendicularly measured to the shaft 13, and are depth z 
plotted by the axis of ordinate. Drawing 4 expresses the graphic forms 26 and 27 showing the wall of the 
artery of the period of desirable time amount with the heart longer than 1 cycle. Among graphic forms 26 
and 27, the blood rate distributed in the path of an artery is visualized by the color which is in agreement 
with the predetermined code with which it is generally expressed on a screen (not shown to drawing 4 ). 
[0016] In order to obtain the above-mentioned result with 3 transducer type probe shown in drawing 1 (it 
has three partition sides), it is required to be adapted in the echo graph to which this special probe is 
connected. More specially, an echo graph is the periodic approach and should be equipped with a sequence 
means to excite converters 2, 3, and 4 continuously so that it may explain with reference to drawing 5 
below. Control of a probe 1 faces the technical issue that it must have been simultaneously excited [ that 
three converters 2, 3, and 4 may be imagined by the respectively independent echo graph ] like. Actually, 
these three converters are approaching dramatically mutually and interference by which the signal 
containing the noise which is not suitable for an activity is received may arise on a radiation signal like 
reception of the supersonic wave emitted to three adjoining breadth. The solution used for reduction of this 
fault is the technique of operating only only one of the three transducers in the working usual state of a 
system, and is with a single echo graph using a multiplexer to operate three transducers continuously. 
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[0017] Are called a frequency or a Doppler type or the part located in the right-hand side of a broken line 3 1 
in drawing 5 is the conventional structure of a temporary correlation type echo graph. The transmitting stage 
32 contains the sequencer which consists of an oscillator and a frequency splitter which had the generator 
which supplies an electronic excitation signal chosen by the probe which changes the signal supplied into a 
periodical continuation supersonic-wave pulse signal, and which is repeatedly controlled by the frequency. 
The eliminator 33 between the transmitting stage 32, and reception and the processing stage 34 (called the 
front end) is inserted between a probe 1 and said two stages 32 and 34, and prevents the overload of the 
receiving circuit by the output signal. For example, M signal received by M element converter of a converter 

2 for the predetermined configuration in the transmitting mode with which a circuit 32 is provided by 
memory 35 for transmission by the converter 2 is supplied to the circuit 34 called also as equipment for 
forming a channel by the receive mode. Electronic-raster-scanning control (not shown) of the element 
converter of converters 2, 3, or 4 can choose a related excitation line without replacement of a converter. 
Said line is mutually exposed to a radial in the same flat surface like the thing for concurrency or converters 

3 and 4 like the thing for a converter 2. Channel formation equipment 34 can be obtained from the nearest 
point on the selected excitation lines 2 and 3 or 4 by performing continuous focusing for many points like 
the point which exists by the point which separated most by the specific delay configuration on which the 
signal which is received from the configuration memory in the receive mode 36, and is received from an 
eliminator 33 is overlapped. Channel formation equipment 34 supplies the down-stream signal which 
processes the circuit 38 called the back end with an output signal S (t, z). 

[0018] In an echo graph equipped with the probe which has only a single transducer, a single flat surface is 
periodically scanned on the frequency between several Hz and dozens of Hz. Even if the frequency is the 
case where a probe is replaced, in order to obtain a comfortable display on a screen 21, it is a frequency high 
enough. According to this invention, in order to supply the 1st image, after the scan by one of the converters 
2, 3, and 4 is completed, immediately, the scan by the 2nd converter is started and the scan by the 3rd 
converter follows the latter scan directly. And it continues between the cycles of a predetermined period. 
The scan period is equivalent to following T2 [ respectively as opposed to converters 2, 3, and 4 ] and 
following T3, and T four. 

[0019] T2+T3+T-four=T and T are the periods of said cycle so that the frequency in which three images on 
a screen 21 ( drawing 4 ) appear may become equal to 1/T. This special actuation is realized by two 
multiplexers 41 and 42 which align suitably with the clock generation vessel 43. It is controlled so that a 
multiplexer 41 performs transmission and reception to a multiplexer 42 between period T3 to which it is 
followed as opposed to a transducer 2 between periods T2, and T four (SY1). A multiplexer 42 is controlled 
as opposed to a converter 3 to perform transmission and reception to a converter 4 between period T four 
between period T3 (SY2). It is adjusted [ between the alignment SYS / SY3 and / T2 with them, i.e., a 
period, ] in this way during each period T by the 2nd configuration for actuation of a converter 3 and the 
continuing converter 4 for the transmission for the adaptation of three probes which passes, respectively, 
and reception between the 1st configuration for actuation of a converter 2, and period T3+T four. [ desirable 
circuits 32 and 34 and ] [ same ] 

[0020] the signal S (t, z) acquired in this way in three pieces of continuation ~ next, in order to reproduce 
the image explained like the above with reference to drawing 4 on a screen 21, it is advanced to the circuit 
38 which performs digital scan conversion. For this reason, a circuit 38 enables the display of the new image 
22 between the signal from the display configuration memory 44, and period T3, subsequently to between 
period T four enables the display of the new image 23, subsequently to during a period T2 makes the new 
image 24 possible, and receives the harmonic ringing SY4 which continues this by the periodic approach. In 
order to avoid the butterfly effectiveness on a screen, as for the period of each new image, to be equally 
maintained by T is desirable. 

[002 1 ] When that the echo graph containing some probes sole possession of is taken by different application 
is known, and one of the probes of these are chosen by the operator, it is admitted that the configuration of 
an echo graph is automatically established in 32, 34, and 38. Therefore, it is not necessary to explain how 
application of the echo graph to such a related actuation probe is realized here. A paraphrase secures the 
front end configuration of an echo graph automatically to predetermined probe geometry and predetermined 
scan mode. The Philips Echo graph SD 800 applied like **** may be used in order to perform this 
invention. 
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